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Abstract

Telemedicine (TM) is potentially a way of escalating heart failure (HF) multidisciplinary integrated care. Despite the initial efforts to implement TM
in HF management, we are still at an early stage of its implementation. The coronavirus disease 2019 pandemic led to an increased utilisation
of TM. This tendency will probably remain after the resolution of this threat. Face-to-face medical interventions are gradually transitioning to
the virtual setting by using TM. TM can improve healthcare accessibility and overcome geographic inequalities. It promotes healthcare system
efficiency gains, and improves patient self-management and empowerment. In cooperation with human intervention, artificial intelligence
can enhance TM by helping to deal with the complexities of multicomorbidity management in HF, and will play a relevant role towards a
personalised HF patient approach. Artificial intelligence-powered/telemedical/heart team/multidisciplinary integrated care may be the next step
of HF management. In this review, the authors analyse TM trends in the management of HF patients and foresee its future challenges within the

scope of HF multidisciplinary integrated care.
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Heart failure (HF) is a frequent, incapacitating, unstable, progressive and
bad prognosis syndrome that causes a high logistical burden and
expenditure! HF management goals include the improvement of
symptoms, functional capacity, quality of life and patient empowerment,
as well as the reduction of hospitalisations and mortality, and the decrease
of logistical burden and costs.' To reach all these goals, an improvement
in present care delivery systems is required. The vital journey for HF
patients unfolds in the ambulatory setting, and is punctuated by frequent
hospital visits during decompensations and back to ambulatory when
stabilised.' This is the rationale for HF multidisciplinary integrated care,
which involves close collaboration between hospital-based HF specialists
and general practitioners, among many other HF specialists, including
nurses, pharmacists and others."*

Multidisciplinary and integrated care programs are the current gold
standard of HF patient management.' Their scope can be expanded using
telemedicine (TM), allowing patient management at a distance.””’

Although the initial experience with TM in this context was published in
the mid-1990s, we are still in the early stages of widespread
implementation in everyday clinical practice.®"

Inthis review, we sought to analyse TM evolution in HF, and tried to foresee
its future and challenges within the scope of HF multidisciplinary integrated
care. The expansion of TM will most probably be part of the reshaping of
the present care delivery systems to improve their efficacy and extend
their scope.?

Telemedicine in Heart Failure:

Remote Patient Management

TM, digital health and e-health refer to the exchange of health information
and/or care instructions using a digital support, to allow and optimise the
process of care.?®” TM encompasses teleconsultation, telemonitoring,
telerehabilitation (TR), shared electronic patient records and medical
teleconferencing (Figure 1).
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Figure 1: The Future of Telemedicine in the Management of Heart Failure Patients
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Al = artificial intelligence; HF = heart failure; MIC = multidisciplinary integrated care teams; TM = telemedicine; QoL = quality of life.

TM allows more agile and frequent patient status monitoring, and enables
HF patients to be cared for while staying safely at home. TM facilitates
non-pharmacological and pharmacological therapy, as well as TR, and
this was proven to translate into morbidity and mortality gains.°*"

TM reinforces the patient’s role in HF self-management and promotes
patient empowerment.2* It is a powerful tool for patients’ continuous
education, self-care promotion and therapy adherence.® Patients
frequently describe an increased sensation of being in control of the
disease process and an enhanced proximity to the medical team, which
convey heightened feelings of safety.?®° TM has also been shown to
improve depressive symptoms and quality of life in HF patients with
moderate depression.?

TM increases accessibility to healthcare, helping to overcome geographic
inequalities.?”® In addition, it decreases overload on health systems and
results in efficiency gains.*®” TM reduces healthcare professionals’
burden and patients’ risks, and contributes to reducing costs.?7915:2-25

Teleconsultation

Teleconsultation allows for the assessment of symptoms, physical signs
(weight, blood pressure, heart rate) and ambulatory blood tests results,
promoting more agile patient management.? It may be useful in the rapid
initiation and titration of HF prognosis-modifying therapy, in the close
follow-up of haemodynamically unstable patients, in the reduction of the
in-presence stable patients’ medical appointments and in the closer
contact with patients under palliative care?

Telemonitoring

The main goal of HF remote monitoring is to detect HF haemodynamic
decompensation early, allowing an early intervention and thus averting
HF hospitalisations.?®® Usually, it uses a multiparametric approach,
including, among others, HF symptoms, heart rate, blood pressure and an
evaluation of congestion status, by a number of different methodologies
(e.g. weight, bioimpedance, etc).288"

HF telemonitoring may assume the form of invasive monitoring with
dedicated sensors, invasive monitoring associated with medical devices
(ICDs or CRTs devices equipped with an optivol algorithm) and non-
invasive monitoring.2#2426-34 The latter involves patient participation in
a daily auto-evaluation routine, which is transmitted to a care facility,
triggering a therapeutic response in case haemodynamic

decompensation signals are detected. Patients’ long-term adherence to
this daily routine may be challenging.”*™" To circumvent this,
telemonitoring  progressively relies more on wearables (e.g.
smartwatches, sensors embedded in T-shirts, socks and other clothing),
automatic data collection and analysis, as well as on algorithms for
detecting haemodynamic decompensation and initiating therapeutic
responses in a strategy of non-intrusive monitoring.?>*#23 Future
developments will include the internet of things for continuous and
imperceptible health status monitoring.”*5%

TM may also involve arrhythmia detection using ICD- or CRT-based
algorithms or dedicated long-term implanted devices»#?830

A recent meta-analysis including 29 randomised clinical trials and 10,981
patients focused on the effectiveness of telemonitoring versus usual care.
It showed that TM systems with medical support were associated with
fewer all-cause and cardiac hospitalisations, shorter length of stay, as well
as lower all-cause and cardiac mortality.® In a Cochrane review involving
patients with HF, both non-invasive remote monitoring and structured
telephone support were associated with meaningful clinical status
benefits and reduced all-cause mortality

Telerehabilitation

TR uses digital technology (smartphone applications, smart-watches, etc.)
and teleconsultations to deliver cardiac rehabilitation from a
distance 7338 Patients perform rehabilitation exercises at home, while
being monitored by the medical team at the hospital. TR may become an
important alternative to standard centre-based cardiac rehabilitation,
allowing to circumvent the very limited availability of the latter®™
Previous evidence on TR showed its effectiveness on improving functional
capacity and quality of life.*" Preliminary evidence indicates the potential
for TR to be cost-effective and safe 67373

Shared Electronic Patient Records

and Teleconferencing

Agile communication is key for multidisciplinary integrated teams’ efficient
performance”’ The use of shared electronic patient records was revealed
to be relevant to this strategy, allowing real-time clinical information
sharing.®” The communication between hospital and primary care
professionals may be further facilitated by means of additional forms of
communication, such as teleconferences, dedicated mobile phone
contacts and others 2291
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Electronic patient records may also allow continuous HF registries, based
on automated patients’ medical records data collection.2*™ This will
enable up-to-date knowledge of the global health status of HF populations,
which in turn, can be a tool to improve quality of care, through
benchmarking among national medical centres and different national
health systems.>™" This may, however, be limited by national regulatory
restraints, particular to each different country.

Telemedicine Future Developments:

Artificial Intelligence

Avrtificial intelligence (Al) will certainly play a progressively more important
role in managing the immense data generated by TM.* In the case of
telemonitoring, patient data will be automatically screened, and a
hierarchical automated efferent loop organised, producing automatic
communication with the patient, in the case of minor physiological
deviations; or alternatively, a communication with either the nurse or the
physician, according to increasingly severe detected abnormalities 34

Al'may also assist patients in improving technological and health literacy
towards increased patient active participation in HF self-management.?*

Technological barriers to TM must be surpassed to fulfil the aforementioned
objectives. Faster and more stable internet pathways, such as
5G-technology, will certainly be required in the near future, to deal with
the exponentially growing annual data generation.?"

Towards an Al-powered/Telemedical/Heart
Team/Multidisciplinary Integrated Care

Typically, HF patients present many comorbidities, which increase the
complexity of patient management. Conventionally, these comorbidities
were addressed by separate medical specialities, particularly when
severe. However, patients are holistic beings, and many difficult decisions
are nowadays addressed within the so-called heart team." The huge
volume of data derived from comorbidities assessment is amplified by the
outpouring data generated by telemedical solutions used in the follow up
of HF patients.®*" These big data can be managed by Al to unravel
patterns of disease progression and facilitate a more personalised patient
approach.®* Al is transforming cardiovascular diagnosis through
interpreting and finding meaning in vast sets of data, in a faster and more
effective way. Al is able to deal with complex combinations of biological
markers and monitoring data, to predict and help prevent the deterioration
of complex syndromes, such as HF.“**' By the development of learning
algorithms, machine learning techniques allow the identification of
patterns in new data, which enable the creation of a specific logic to
continuously improve disease prognostication and treatment decisions.“*"

Additionally, Al can also enable the aggregation of data from multiple
sources, and the creation of a common and shared patient electronic
record, facilitating a multidisciplinary team approach towards precision
medicine.*** In the future, patient cardiological data will be interpreted in
conjunction with that derived from other organs and systems, to build a
more holistic patient approach.®** Al models of disease progression will
be built based on patient telemedical-generated data.”

Contrary to being viewed as an alternative to human intelligence, Al may
help to deal with the complexities of multicomorbidity management in HF,
thereby amplifying human reasoning.****' Thus, Al-powered/ telemedical/
heart team/ multidisciplinary integrated care may be the next step of HF
management. Somewhat counterintuitively, this may lead to a more
personalised medicine.?34

In summary, Al may contribute to reducing clinicians’ margin of error, and
improving therapeutic decision-making, while reducing workload and
improving the patient—doctor relationship.*4°

Al can increase patient empowerment, through shared decision-making
and enhanced self- disease management efficacy.®**? Al can improve HF
healthcare organisation by reducing patient waiting times and per capita
costs, while increasing accessibility, productivity and overall patient
experience >

The Digital Patient Twin Care

Another future development will be the digital patient twin.®* This is an
Al construct based on the patient clinical information integrated with
registries-derived big data to produce a digital representation of a patient.
The resultant digital patient twin can be used to virtually test the effect of
different therapeutic options and predict the potential results, to optimise
treatment choices and avoid side-effects.®* These models can be
enhanced with the huge amount of clinical data derived from the HF
telemonitoring databases, with the purpose of a more accurate prediction
of therapeutic interventions.**

The Digital Transformation of Heart Failure Care
With two and a half decades of existence in HF, TM is still in its infancy in
this field.” Many factors will boost its widespread use in HF in the near
future, among which are (Table 1):

« The intrinsic haemodynamic instability of HF: HF typically evolves by
bouts of haemodynamic deterioration, triggered by a vast number of
factors, and leading to frequent and high-mortality hospitalisations.'
In fact, HF is the leading cause of hospitalisations among individuals
aged above 65 years in the EU and the US. HF telemonitoring, by
detecting haemodynamic decompensation early and promoting its
timely correction, was shown to be able to increase the survival time
and time out of hospital, and the rate of HF-related hospitalisations at
6 months, %2654

» The high prevalence of HF — estimated to be 15 million in the EU and
64 million worldwide — imposing a high burden on institutions and
caregivers, which can be alleviated with telemedical solutions.?*#5

« The high costs associated with HF — mainly derived from HF
hospitalisations — which can be mitigated by TM.23145:21-25

» The heavy logistics and organisational burden of HF, which can be
eased by TM.2*

« The need for HF patient empowerment and proximity care, which can
be addressed by TM, and will become a relevant tool in promoting a
personalised medicine.?-+91%.2040

The coronavirus disease 2019 (COVID-19) pandemic exposed more clearly
the unmet need for the widespread use of TM solutions in HF patients.>#/-52
However, the need for TM use in HF patients is independent of the
COVID-19 pandemic, and digital medicine will certainly continue to expand
in this field long after the COVID-19 pandemic is controlled.?** Multiple
options of care will probably emerge, combining conventional and
telemedical care, according to patients’ needs and preferences, as well
as health services resources.??

The goal of healthcare systems is to organise a cost-effective and
universal, yet personalised, methodology of delivering care™* Face-to-
face medical assessment is gradually transitioning to the virtual setting in
certain circumstances with the use TM, including not only teleconsultation,
but also remote patient monitoring and TR.2
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Table 1: Telemedicine Implementation in Heart Failure: Drivers, Current Solutions and Barriers

Drivers for TM Implementation

¢ Haemodynamic instability o Teleconsultation
e High prevalence

¢ Organisational burden

e High HF-associated costs

* Need for patient empowerment

¢ Telemonitoring
o Telerehabilitation

¢ Teleconferencing

Current TM Solutions

e Shared electronic patient records .

Barriers to TM Implementation

e Reimbursement

e Policy

e Regulatory constraints
Technological barriers

e Patients and caregivers adherence

HF = heart failure; TM = telemedicine.

Costs and Barriers to Telemedicine
Implementation

The main drivers of HF TM costs are the dedicated human resources, the
provision of appropriated technology and the medical team—patient
interactions.2?-%* This expenditure needs to be compared with HF
economic burden itself, to evaluate TM cost-effectiveness.>? Nevertheless,
appropriate HF TM economic evaluation studies are lacking.?

An analysis of HF economic burden worldwide in 2021 estimated the cost
of HF to be US$108 billion per annum, with US$65 billon attributed to
direct costs and US$43 billon to indirect costs.**

HF expenditure accounts for 1-2% of total health costs in the US and
in Europe.* Hospitalisations, mainly due to haemodynamic congestion,
are responsible for more than 80% of HF-related costs.® Telemedical
solutions, such as telemonitoring, can reduce approximately 30% of
HF hospitalisations through early congestion detection and
correction. This would represent approximately US$15.6 billion of
savings per year%-%°

Other recent studies associated TM interventions with an overall HF care
costs reduction.”=*#% A slight increase in ambulatory care costs in the
telemedical intervention arm was observed, compared with the usual
care arm.?2* This was probably due to the higher frequency of virtual
visits compared with face-to-face appointments.?®

Reimbursement by national regulatory agencies is one of the major
challenges for TM implementation, scale-up and widespread adoption in

HF.2% Different reimbursement policies result in TM access disparities
among countries.?® Standardisation of procedures will help promote
pricing and reimbursement of TM services, thus facilitating a more
widespread TM adoption.>?

National regulatory constraints, namely regarding data protection,
security and privacy, represent other important barriers to T™M
implementation, but its relevance varies among countries.

Finally, widespread TM accessibility may be hindered by poor internet
services and other technological deficiencies in a number of countries, as
well as by low technological adherence from both patients and
caregivers.® The latter may be improved with patient education, as well
as with patients and medical team technological training, resulting in a
heightened perception of benefit. 22

Conclusion

By enhancing patient monitoring, management and therapeutic
optimisation, TM will emerge as an improvement in HF patients’ care
strategy. Its implementation was accelerated during the COVID-19
pandemic and will most likely be reinforced afterwards, as part of a hybrid
HF healthcare delivery system.

Al promises to become an important component of future telemedical
solutions, nevertheless, presently, its clinical relevance still requires
further validation. When managing HF patients, a humane and
personalised approach is at the core. TM will certainly become an
important tool for achieving this goal.
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